able, or suspected 2009 influenza A(H1N1) in Mexico admitted between March 24, 2009 , and June 1, 2009, to 6 hospitals that were reference centers for the care of patients with influenza (FIGURE 1) . Identification of all such patients was achieved by examining admission logs for all patient care areas, in collaboration with critical care and infectious diseases physicians in each participating hospital and with regional health authorities in Mexico.
We classified patients according to case definitions (confirmed, probable, or suspected) developed by the World Health Organization, Centers for Disease Control and Prevention, and the National Microbiology Laboratory (see eAppendix at http://www.jama.com). [8] [9] [10] We defined critically ill patients as those admitted to an adult or pediatric intensive care unit (ICU); requiring mechanical ventilation; having a fraction of inspired oxygen (FIO 2 ) greater than or equal to 60%; or receiving intravenous infusion of inotropic or vasopressor medication during the hospitalization.
To evaluate the proportion of patients who became critically ill, we compared our study population with the total number of inpatients diagnosed with confirmed, probable, or suspected 2009 influenza A(H1N1) and treated at any of the participating hospitals by June 1, 2009 . All patients admitted to these 6 hospitals with respiratory symptoms or fever were routinely screened for 2009 influenza A(H1N1) during the outbreak period.
Case Report Generation, Dissemination, and Ethics Approval
Investigators in Canada collaborated with colleagues in Mexico and developed a data collection form with input from critical care personnel, infectious diseases clinicians, and clinical researchers, including the Canadian Critical Care Trials Group. 11 Research ethics board review and approval was granted by Sunnybrook Health Sciences Centre on April 30, 2009 , and subsequently by the ethics boards of participating jurisdictions in Mexico.
The data collection form was posted on academic institutional and critical care society Web sites on or after May 3, 2009. 12-14 Data collection in Mexico commenced on May 1, 2009 , was entered by study site personnel, transmitted to the coordinating center in Toronto, then checked for errors through manual and electronic inspection using prespecified range limits.
Data Collection
Data collection included 2009 influenza A(H1N1) and critical illness eligibility criteria, demographic data, and details of influenza contact, symptoms, comorbid conditions, clinical characteristics, time course of the acute illness, microbiology samples, and treatments (eAppendix). Severity of illness was assessed using the Acute Physiology and Chronic Health Evaluation II (APACHE II) score for adults or Pediatric Risk of Mortality III score for children. 15, 16 Reporting of ventilatory parameters, arterial blood gas values, and chest radiograph findings, as well as Sequential Organ Failure Assessment (SOFA) scores, was performed on days 1, 3, 7, 14, and 28, using the values closest to 8:00 AM where appropriate. 17 Outcome variables included duration of mechanical ventilation, ICU and hospital length of stay, and ICU and hospital mortality at 14, 28, and 60 days from onset of critical illness.
From the largest referral centers, we were able to collect more detailed information on the total number of patients presenting to the emergency department with influenzalike illness as well as those admitted to the hospital and to the ICU, and to calculate the proportion of patients critically ill with influenza-related pneumonia as a function of total number of ICU beds. In the largest centers, we also collected detailed information on health care worker exposure and illness to assess risk posed to health care professionals through care of patients with 2009 influenza A(H1N1).
Analysis
Descriptive data are presented as frequencies (percentages) for discrete variables and as means (SDs) or medi- Fisher exact test for the discrete variables. Analyses to detect differences in treatment variables between survivors and nonsurvivors are at risk of confounding due to immortal time biasie, patients who die quickly have less "opportunity" to be exposed to certain therapies. Therefore, we restricted comparisons of neuraminidase use to patients who did not die within the first 3 days after admission to the hospital and adjusted for differences in severity of illness using the APACHE II score in a multiple logistic regression model. The Kaplan-Meier method was used to determine the probability of survival over the duration of follow-up and to generate survival curves, censoring at 60 days all individuals discharged from the hospital alive. We compared the discriminative ability of the day-1 SOFA and APACHE II scores on mortality by testing the difference in C statistics (area under the receiver operating characteristic curve).
All statistical tests were 2-tailed, and factors were considered statistically significant at ␣Ͻ.05. SAS version 9.2 (SAS Institute Inc, Cary, North Carolina) was used for all analyses.
RESULTS

Characteristics of Study Patients and Hospitals
During the study period 899 patients with confirmed, probable, or suspected 2009 influenza A(H1N1) were assessed and admitted to study hospitals having a mean of 289 (SD, 167) beds and 16 (SD, 8) critical care beds. Critical illness occurred in 58 patients (6.5%) admitted to the hospital (29 confirmed, 14 probable, 15 suspected). There were no significant differences in demographics, severity of illness, comorbid conditions, or mortality among those with confirmed, probable, or suspected 2009 influenza A(H1N1), and they are described as a single group.
As a result of increased patient volumes, many experienced delay in admission to the ICU, and 4 remained in the emergency department until death. During the period of data collection, there were 5029 cases of 2009 influenza A(H1N1) and 97 deaths in all of Mexico. 18 This cohort from 6 hospitals represents approximately one-quarter of all deaths in Mexico during the study period. We have described the temporal burden of influenza and H1N1 on the largest study center, outlining the number of cases of influenzalike illness presenting to the emergency department and admitted to the hospital and cases of influenza-related illness admitted to the ICU (Figure 1 ). The usual capacity to care for critically ill patients was exceeded, necessitating care in other patient care areas and the addition of ICU beds and ventilators on 2 occasions. Study patients were a median age of 44 (range, 10-83) years (FIGURE 2), 53% were female, and 2 were health care workers (TABLE 1). Only 2 children (10 and 14 years) were admitted to study centers with critical illness and had mean admission Pediatric Risk of Mortality III scores of 6.5 (SD, 2.1). Among all patients, symptoms included fever in 58 (100%); respiratory complaints (cough, dyspnea, or wheeze) in 57 (98%); generalized weakness in 41 (71%); myalgias in 35 (60%); headache in 33 (57%); and gastrointestinal symptoms of nausea, vomiting, or diarrhea in 18 (30%).
The median number of comorbid conditions was 2 (IQR, 1-4) ( Table 1) . Only 2 patients had a history of chronic obstructive pulmonary disease. Obesity was the most common comorbid condition (mean body mass index [BMI], 32 [SD, 12], calculated as weight in kilograms divided by height in me- Intervals on the x-axis are equal to the lower limit and less than the upper limit. FIGURE 3) . In Mexico, most (19) patients died within the first 2 weeks after becoming critically ill. An additional 4 patients died by day 28, with only 1 additional death occurring within 60 days.
Four patients died in the emergency department, 3 within 8 hours and 1 within 24 hours of arrival. All deaths within 28 days were primarily related to respiratory failure, with only 1 late death primarily related to multisystem organ dysfunction. The 2 included children both survived and were discharged from the hospital. Intensive care unit length of stay among survivors was 13.5 (IQR, 6-24) days, while nonsurvivors died 7.0 (IQR, 2-13) days after ICU admission ( Table 3) . Duration of mechanical ventilation among survivors was 15 (IQR, 8-26) days and among nonsurvivors was 7.5 (IQR, 3-13.5) days. Many patients received ventilation outside of the ICU.
Comparison of Survivors and Nonsurvivors. Patients who died were more likely to have a higher APACHE II and SOFA score, lower mean arterial pressure at admission, evidence of renal and hepatic organ injury, lower ratio of PaO 2 to FIO 2 , and higher set PEEP at admission to the ICU (TABLE 4) . There were no significant differences in tidal volume or ventilation strategies between survivors and nonsurvivors. Patients with higher creatine kinase levels had a greater likelihood of dying at 28 days. Both APACHE II and day-1 SOFA score were significantly associated with 28-day mortality (PϽ.001 for both), and there was no difference in predictive value (C=0.83 and C=0.87, respectively; P = .52). After excluding patients dying early (within 72 hours of illness onset), who may have had less opportunity to be exposed to neuraminidase inhibitors, survivors were more likely to have received treatment with neuraminidase inhibitors (odds ratio, 8.5; 95% CI, 1.2-62.8; P =.04).
Risk to Health Care Workers. Among the 3 largest centers caring for 65.6% of the patients in this series, 40 of 6755 health care workers (0.6%) developed 2009 influenza A(H1N1), including 10 of 2421 workers (0.5%) from clinical areas. Only 1 health care worker became critically ill, and this patient was believed to have acquired H1N1 outside of the workplace.
COMMENT
Our analysis of critically ill patients with 2009 influenza A(H1N1) reveals that this disease affected a young patient group. Fever and respiratory symptoms were harbingers of disease in almost all cases. There was a relatively long period of illness prior to presentation to the hospital, followed by a short period of acute and severe respiratory deterioration. These patients had severe hypoxia and acute respiratory distress syndrome and required high FIO 2 , PEEP, and ventilatory pressures. Within 60 days, 41% of critically ill patients had died. Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; AST, aspartate aminotransferase; BMI, body mass index; FIO2, fraction of inspired oxygen; IQR, interquartile range; MAP, mean arterial pressure; PEEP, positive end-expiratory pressure; SOFA, Sequential Organ Failure Assessment. SI conversion factors: To convert AST to µkat/L, multiply by 0.0167; bilirubin to µmol/L, multiply by 17.104; creatinine to µmol/L, multiply by 88.4; creatine kinase to µkat/L, multiply by 0.0167. a All in-hospital deaths to September 11, 2009. b Calculated as weight in kilograms divided by height in meters squared.
CRITICALLY ILL PATIENTS WITH 2009 INFLUENZA A(H1N1) IN MEXICO
The mortality rate of 41% for 2009 influenza A(H1N1)-associated critical illness is not dissimilar to that for acute respiratory distress syndrome resulting from other influenza but is higher than that for severe acute respiratory syndrome (SARS), and deaths in Mexico appear to have been more directly related to respiratory rather than multiorgan failure. [20] [21] [22] The low median age and relatively good prior health of this critically ill group are different from those for seasonal influenza and SARS, 22 in which older patients appear more susceptible to severe disease.
Although serologic studies suggest that 2009 influenza A(H1N1) is a novel influenza strain with little protection afforded by seasonal influenza vaccination, adults older than 60 years appear to have some preexisting immunity to this novel virus. 23 While a degree of cross-immunity might be afforded through a long history of annual vaccination, the specific effect of uncommon prior seasonal influenza vaccination, if any, is unclear. The age distribution of the general population in Mexico differs from that in many developed nations, with a much larger proportion of the population in lower age categories, and therefore it may not be surprising that young individuals comprise a greater proportion of those infected. 24 Approximately 18% of critically ill patients with SARS were health care workers. 22 With SARS, viral shedding appeared to peak at about 7 days, coinciding with the time of ICU admission for many patients. Viral shedding in seasonal influenza is maximal near onset of the disease, then decreases rapidly. 2 5 These patients presented to the hospital and were admitted to the ICU a median of 6 days after disease onset, which may in part explain the apparent lack of nosocomial transmission among critically ill patients. Avian influenza A(H5N1) outbreaks would appear to have a significantly higher mortality than 2009 influenza A(H1N1) in patients requiring advanced organ support (approximately 90%, with median time from hospital admission to death of 6 days). [26] [27] [28] These baseline data will allow evaluation of whether the morbidity and mortality of this infection are worsening over time, which has been the case in many other pandemics. 29 We found that certain baseline characteristics of critically ill patients with 2009 influenza A(H1N1) may be associated with increased mortality, including cardiovascular, respiratory, and renal organ dysfunction. Novel findings include possible worse outcomes among patients presenting with an elevated creatine kinase level. Elevated creatine kinase levels and rhabdomyolysis have been previously reported to complicate seasonal influenza, although more commonly in children. 30, 31 Obesity was the most common comorbid condition in these patients and was more prevalent (36%) in this series than the general population prevalence (30%) in Mexico. 32 However, mortality was not significantly higher among obese patients compared with nonobese patients. Among other patient cohorts with undifferentiated acute respiratory distress syndrome, increased BMI has not emerged as a predictor of mortality. 33 A better understanding of these factors, which were common, or those that suggest a higher mortality may provide health care professionals an earlier opportunity to identify and treat high-risk groups. Importantly, we found in this cohort that either SOFA or APACHE II scores may help to identify patients at high risk of death. Some authors have previously suggested the use of SOFA scores for triage during pandemic periods, owing to their relative ease of calculation. 34 The strengths of this study include a large and detailed description of patients critically ill as a result of 2009 influenza A(H1N1). We have highlighted what appear to be differences in severity of illness, associations, and outcomes from other recent infectious respiratory outbreaks. The meth-ods of rapid case report modification, research ethics approval, international dissemination, and analysis provide a potential example for future outbreak characterization 11 and potential for international comparisons among countries with different health care systems and capacity for care.
This study has several potential limitations. First, it represents a relatively early examination of the epidemiology of a severe infectious disease. Early reports risk overestimating the casefatality rate through selective recognition and screening of the most severely ill patients. This may partially explain a high mortality in Mexico early in the outbreak; however, our cohort included all patients hospitalized with critical illness, not only those selected for admission to an ICU, thus minimizing the effect of selective triaging of critically ill patients (by age, comorbidity, etc) and minimizing the potential for overrepresentation of patients with certain characteristics or severity of illness. Also, the 6 hospitals participating in this cohort study had specific criteria for 2009 influenza A(H1N1) screening among all hospitalized patients, minimizing the risk of exposure ascertainment bias through overestimation of disease among only the sickest patients. For this early report, we deliberately included suspected, in addition to confirmed and probable, cases of 2009 influenza A(H1N1) because in the earliest stages of the outbreak, confirmatory testing was sometimes unavailable for patients who died rapidly and in settings with resources that did not initially permit testing. We performed all analyses in duplicate and found no significant differences in outcomes when including only confirmed and probable cases.
It is possible that the 2009 influenza A(H1N1) experience described here is somewhat unique to Mexico and may be related to a variety of factors, including climate, air quality, and altitude (2240 m above sea level) in Mexico City; or, noting the long duration between illness onset and presentation to the hospital with severe dis-CRITICALLY ILL PATIENTS WITH 2009 INFLUENZA A(H1N1) IN MEXICO ease, potential differences in the timing of access or presentation of the population to acute care compared with other settings. These critically ill patients presented to the hospital already very ill. Four patients died before admission to the ICU, 3 of these within 8 hours of presentation to the hospital. Despite these potential differences with other recently characterized outbreaks, the experience in Mexico may well represent a global "median" of illness presentation and outcome for 2009 influenza A(H1N1) more appropriate than reports only from the most wellresourced health care settings. 22 As of August 30, 2009 , the World Health Organization reported 254 206 cases of 2009 influenza A(H1N1) and 2837 deaths, for a case-fatality rate of approximately 1%-yet this may well be an overestimate, because testing is no longer being reported in many jurisdictions. 2 The case-fatality rate in previous influenza pandemics has varied widely, and all such reports may be inaccurate owing to difficulty in assessing the denominator (ie, the total number of cases). 35 The Spanish flu of 1918 is reported as causing 50 million deaths in 500 million individuals infected (10% case-fatality rate), while the Hong Kong flu of 1968-1969 caused 33 000 deaths among 50 million infected (Ͻ0.1% casefatality rate). 36 The case-fatality rate of avian influenza A(H5N1) was initially reported to be as high as 60% but is more likely in the range of 14% to 33%. 28 From the Mexico experience, it is clear that in certain environments, critical illness from 2009 influenza A(H1N1) may be associated with severe acute lung injury, refractory hypoxia, and a high mortality rate in young individuals. Influenza pandemics of the past century have been associated with a remarkably consistent epidemiologic curve, with peaks in the spring, fall, and later winter. 7 Early recognition of disease by the consistent symptoms of fever and a respiratory illness during times of outbreak, with prompt medical attention including neuraminidase inhibitors and aggressive support of oxygenation fail-ure and subsequent organ dysfunction, may provide opportunities to mitigate the progression of illness and mortality observed in Mexico.
